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BACKGROUND: Invasive lobular breast cancer (BC) is the second most common BC subtype. Prognostic parameters (tumor classifica-

tion, lymph node status, histologic grade, Oncotype DX recurrence score [RS], progesterone receptor status, and Ki67 index) were ret-

rospectively studied in a large, prospective clinical trial encompassing 2585 patients who had hormone receptor–positive early BC (the 

West German Study Group PlanB trial). METHODS: BCs were centrally reviewed and classified as lobular (n = 353; 14%) or nonlobular 

(n = 2232; 86%). The median follow-up was 60 months. Five-year disease-free survival (DFS) estimates were obtained using the Kaplan-

Meier method. Prognostic parameters were evaluated using Cox proportional hazard models. RESULTS: Lobular BC was associated 

with higher tumor classification, higher lymph node status, lower histologic grade, lower Ki67 index, and low or intermediate RS. The 

prevalence of high RS (RS range, 26-100) was 3-fold lower in patients who had lobular BC compared with those who had nonlobular 

BC (8% vs 24%; P <  .001). However, 5-year DFS estimates for lobular and nonlobular BC were similar (92.1% and 92.3%, respectively; 

P = .673). In multivariate analyses, prognostic parameters for DFS in lobular BC included grade 3 (hazard ratio, 5.06; 95% CI, 1.91-13.39) 

and a pathologic lymph node status (pN) of pN3 (hazard ratio, 12.16; 95% CI, 3.87-38.24), but not RS. By contrast, prognostic parameters 

in nonlobular BC included grade 3 (hazard ratio, 1.65; 95% CI, 1.11-2.44), pN3 (hazard ratio, 3.68; 95% CI, 1.60-8.46), and high RS (hazard 

ratio, 2.49; 95% CI, 1.69-3.68). CONCLUSIONS: Lobular BC is associated with low and intermediate RS, although 5-year DFS is similar 

to that of nonlobular BC. The effect of the RS in lobular BC appears to be distinct from that in nonlobular BC. For risk assessment, the 

RS needs to be complemented by clinicopathologic parameters for therapy decision making. Cancer 2020;126:4847-4858. © 2020 

The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society This is an open access article under the 

terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, 

provided the original work is properly cited and is not used for commercial purposes. 
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INTRODUCTION
Invasive lobular breast cancer (BC) is the second most common histologic BC subtype.1 Lobular BC accounts for 10% 
to 15% of BC cases. Lobular BC is hormone receptor (HR)-positive/HER2-negative (ie, luminal) in the vast majority of 
patients and is driven by inactivation of CDH1/E-cadherin.2,3

Lobular BC has been characterized as an indolent and slowly progressive disease.4 However, cases with unfavorable 
outcomes and widespread metachronous metastatic dissemination are not uncommon.5,6 Several clinical trials have re-
ported better 5-year disease-free survival (DFS) for lobular BC compared with BC of no special type (NST) (ductal BC).7-9  
Other studies have reported worse outcomes for patients with lobular BC after ≥6 years of follow-up.10,11 Pleomorphic 
lobular BC is a rare, more aggressive variant of lobular BC and appears to have a dismal prognosis.12,13
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Adjuvant treatment decisions for patients who have 
HR-positive/HER2-negative BC rely on clinicopatho-
logic parameters, including tumor classification, lymph 
node status, histologic grade, Ki67 index, and the gene 
expression profiling-based Oncotype DX recurrence score 
(RS) (Genomic Health Inc), all of which are prognostic in 
lymph node-negative and lymph node-positive BC.14-16 
The Oncotype DX RS is a standard prognostic parameter 
to guide clinical decisions for or against adjuvant chemo-
therapy (CT).17 Except for adjuvant endocrine therapy, 
the histologic BC subtype (lobular or nonlobular) cur-
rently has minor relevance in the choice of treatment.18 
The above-mentioned clinicopathologic parameters are 
well established for nonlobular BC but have partly contro-
versial implications for lobular BC.19-22 The Ki67 index 
may bear different prognostic implications in lobular and 
nonlobular BC.23 Moreover, risk stratification of lobular 
BC using the Oncotype DX RS has yielded partly con-
flicting results.24-26 A retrospective analysis of >600,000 
BCs analyzed at the laboratories of Genomic Health Inc 
has revealed a 2.2-fold lower prevalence of high RS test 
results (RS range, 26-100) in patients with lobular BC.27

Despite these issues, the treatment of lobular BC is 
based on the assumption that the clinical behavior of these 
tumors does not differ from that of HR-positive/HER2-
negative BC of NST histology.28 Practice-changing clini-
cal trials did not pay special attention to the subgroup of 
patients who had lobular BC. For instance, the prospec-
tive TAILORx trial (Hormone Therapy With or Without 
Combination Chemotherapy in Treating Women Who 
Have Undergone Surgery for Node-Negative Breast 
Cancer; ClinicalTrials.gov identifier NCT00310180) 
demonstrated that endocrine therapy (ET) is noninferior 
to chemotherapy plus ET regarding DFS in patients with 
pathologic lymph node-negative (pN0), HR-positive/
HER2-negative BC who have an intermediate RS (range, 
11-25).17,29 However, to date, no subgroup analysis for 
patients with lobular BC enrolled in the TAILORx trial 
has been reported.17,29

The West German Study Group (WSG) PlanB 
trial (Anthracycline-free Taxane Based Chemotherapy in 
Patients With HER2/Neu Negative Early Breast Cancer 
[planB]; Clincaltrials.gov identifier NCT01049425) is 
a large, prospective, randomized, multicenter phase 3 
CT trial in patients with HER2-negative early BC who 
have intermediate-to-high clinical risk features.30-32 
PlanB compared an anthracycline-free regimen (6 cycles 
of docetaxel plus cyclophosphamide) with an anthracy-
cline-containing regimen (4 cycles of epirubicin plus cy-
clophosphamide followed by 4 cycles of docetaxel). Both 

regimens achieved equally excellent 5-year DFS.32 PlanB 
was the first clinical trial worldwide to prospectively as-
sess the Oncotype DX RS in HR-positive early BCs for 
clinical decision making in both lymph node-negative 
and lymph node-positive disease. RS results were catego-
rized as low (RS range, 0-11), intermediate (RS range, 
12-25), and high (RS range, 26-100). Cutoffs were sim-
ilar to those used in the TAILORx trial. After an early 
amendment, patients who had pN0-pN1 disease with a 
low RS (range, 0-11) were recommended for adjuvant ET 
alone (the omission of adjuvant CT).30 For the first time, 
PlanB demonstrated excellent 3-year and 5-year DFS for 
patients who had pN0-pN1 disease with clinically high-
risk, genomically low-risk BC (RS range, 0-11) treated 
without adjuvant CT.30,31

The objectives of the current exploratory subgroup 
analysis within the translational PlanB research program 
were: 1) to determine the clinicopathologic parameters 
associated with lobular BC, 2) to compare 5-year DFS in  
patients with lobular versus nonlobular BC, and 3) to evalu-
ate prognostic parameters in the locally HR-positive PlanB 
patient population, with special reference to lobular BC.

MATERIALS AND METHODS

Study Participants
The WSG PlanB trial included female patients aged 18 to 
75 years who had histologically confirmed, unilateral, pri-
mary, invasive BC, had undergone adequate surgical treat-
ment (tumor-free margins, sentinel lymph node biopsy 
in lymph node-negative patients or axillary dissection in 
lymph node-positive patients) and were without evidence 
of distant metastasis.30-32 Key inclusion criteria were: neg-
ative HER2 status determined by local pathology, patho-
logic tumor classification (pT) from pT1 to pT4c, and 
positive pathologic lymph node status (pN1+) or negative 
pathologic lymph node status (pN0) combined with 1 or 
more of the following clinical risk factors: negative HR 
status, pT2 to pT4c classification (pT2+), histologic grade 
2 or 3, high urokinase-type plasminogen activator/plas-
minogen activator inhibitor-1 levels, and age <35 years. 
Further inclusion criteria were an Eastern Cooperative 
Oncology Group performance status of <2 or a Karnofsky 
index ≥80%, signed informed consent, and (for patients 
with ≥4 positive lymph nodes, an RS >11, or negative 
HR status determined by local pathology) willingness to 
participate in the adjuvant CT PlanB trial.30-32

Study Design
The WSG PlanB trial was approved by German ethic 
boards and conducted in accordance with the Declaration 
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of Helsinki. PlanB was initiated in April of 2009 as a CT 
trial.30-32 The PlanB trial was amended in August 2009 
to recommend ET alone for patients with locally HR-
positive BCs (pN0-pN1) with low RS (range, 0-11). 
The RS was assessed on representative formalin-fixed, 
paraffin-embedded BC specimens at the laboratory of 
Genomic Health Inc. From April 2009 to December 
2011, PlanB recruited 3198 patients at 93 clinical cent-
ers.31 As reported previously, 2449 patients with either 
locally HR-positive/HER2-negative BC (n  =  2004) or 
locally HR-negative/HER2-negative BC (n = 445) were 
randomized for CT.31,32 In total, 348 postamendment 
patients with locally HR-positive/HER2-negative, pN0-
pN1 BCs who had a low RS (range, 0-11) were recom-
mended for ET alone.31 Clinical follow-up was performed 
at 3-month intervals for the first 3 years and at 6-month 
intervals thereafter. The current exploratory subgroup 
analysis focused on locally HR-positive/HER2-negative 
BCs represented in the central tumor bank (Fig. 1). The 
median patient age was 56 years, 59% of patients had 

pN0 disease, 35% had pN1 disease, and 6% had pN2-
pN3 disease. The RS was available for 98% of specimens. 
Low, intermediate, and high RS test results (RS 0-11, 
12-25, and 26-100, respectively) were observed in 18%, 
60%, and 22% of specimens, respectively, consistent with 
our previously reported data (Table 1).31

Central Pathology
All cases were prospectively re-reviewed (Hannover 
Medical School). Representative formalin-fixed, paraf-
fin-embedded specimens were submitted for RS testing 
(Genomic Health Inc). Histologic grade was determined 
using a modified Scarff-Bloom-Richardson score.33,34 
Histologic subtypes were categorized as lobular BC, 
including classic lobular BC and lobular BC variants 
(pleomorphic, alveolar, solid, mixed ductal/lobular BC), 
versus nonlobular BCs (ductal BC/NST, mucinous, tu-
bular, and others).35 E-cadherin immunohistochemistry 
was performed prospectively for all lobular BCs (an-
tibody 4A2C7; Invitrogen) (see Supporting Fig. 1). Of 

FIGURE 1. This is a Consolidated Standards of Reporting Trials (CONSORT) diagram of the West German Study Group (WSG) PlanB 
trial. Histologic breast cancer (BC) subtypes were categorized as lobular BC, including classic lobular BC and all lobular BC variants 
(pleomorphic, alveolar, solid, and mixed ductal/lobular BC), versus nonlobular BC (ductal BC/BC of no special type, mucinous, 
tubular, and others). FFPE indicates formalin-fixed, paraffin-embedded; HER2− indicates HER2-negative; HR−, hormone receptor-
negative; HR+, hormone receptor–positive; n.a., not available.
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353 specimens, 338 (96%) lobular BCs showed loss of 
E-cadherin. Additional immunohistochemical markers, 
including estrogen receptor (ER), progesterone receptor 
(PR), androgen receptor, HER2, Ki67, and p53, were 
assessed on tissue microarrays (see Supporting Table 1). 
Ki67 was assessed by eyeballing (semiquantitative, 5% 
intervals) in ≥100 tumor cells.30,36 HER2 status was 
determined in accordance with the American Society 
of Clinical Oncology/College of American Pathologists 
2007 guideline.37 In total, 30 BCs (1%) with locally 
HER2-negative but centrally HER2-positive status were 
included, all of which were nonlobular BCs.

Study Endpoint
The primary endpoint of the PlanB trial was DFS at the 
follow-up target of 5 years. An event was defined as any 
invasive cancer or death (with or without recurrence).30-32 
Additional endpoints were prospective evaluation of prog-
nostic parameters, including tumor classification, lymph 
node status, histologic grade, RS, PR status, Ki67 index, 
and histologic subtype.30-32 This study was performed 
according to Reporting Recommendations for Tumor 
Marker Prognostic Studies (REMARK) guidelines.38

Statistical Analysis
Proportions of the BCs associated with clinicopatho-
logic parameters were evaluated using the chi-square test. 
Multiple logistic regression was used to determine ad-
justed odds ratios for explanatory factors of binary vari-
ables, such as an RS >25 versus ≤25. Estimates of 5-year 
DFS in lobular and nonlobular BCs with approximate 
95% CIs were obtained using the Kaplan-Meier method. 
Comparison of DFS among subgroups was performed 
using the pairwise log-rank test (reported as significant for 
P < .050). Hazard ratios of clinicopathologic parameters 
were estimated by using univariate and multivariate Cox 

TABLE 1. Patient Characteristics

Characteristic No. of Patients % % Valid

Total 2585 100 100
Age

<56 y 1283 50 50
≥56 y 1302 50 50

Menopausal status
Pre 806 31 39
Post 1282 50 61
Missing 497 19 —

Central histologic type
Lobulara 353 14 14
Nonlobularb 2232 86 86

Pathologic tumor  
classification
pT1 1248 48 55
pT2 937 36 41
pT3 83 3 4
pT4 16 <1 <1
Missing 301 12 —

Pathologic lymph node status
pN0 1520 59 59
pN1 910 35 35
pN2 120 5 5
pN3 35 1 1

Central histologic tumor grade
1 133 5 5
2 1624 63 63
3 826 32 32
Missing 2 0 —

Central ER status
Neg 133 5 5
Pos 2325 90 95
Missing 127 5 —

Central PR status
Neg 671 26 28
Pos 1767 68 72
Missing 147 6 —

Central AR status
Neg 1894 73 77
Pos 565 22 23
Missing 126 5 —

Central HER2 status
Neg 2555 99 99
Pos 30 1 11

Central p53 status
Neg 2140 83 93
Pos 166 6 7
Missing 279 11 —

Central Ki67 index, %
1-10 1016 39 43
15-25 1050 41 45
30-35 167 6 7
40-100 106 4 5
Missing 246 10 —

Oncotype DX RS
0-11 454 18 18
12-25 1520 59 60
26-100 545 21 22
Missing 66 2 —

Surgery
BCS 1828 71 80
ME 456 18 20
Missing 301 11 —

Study arm
Endocrine only 342 13 15
EC-T and endocrine 969 37 43
TC and endocrine 963 37 42
Out of study 311 13 —

Characteristic No. of Patients % % Valid

Clinical follow-up data
Available 2133 83 100
Missing 452 17 —

Abbreviations: AR, androgen receptor; BCS, breast-conserving surgery; 
EC-T, epirubicin plus cyclophosphamide followed by docetaxel; ER, estrogen 
receptor; ME, mastectomy; Neg, negative; Pos, positive; PR, progesterone 
receptor; RS, recurrence score; TC, docetaxel plus cyclophosphamide.
aLobular breast cancers (BCs) included n  =  18 pleomorphic lobular BCs, 
n = 9 mixed ductal/lobular BCs, n = 5 alveolar lobular BCs, and n = 2 solid 
lobular BCs.
bNonlobular BCs included n = 2162 BCs of no special type, n = 26 mucinous 
BCs, n = 12 tubular BCs, n = 9 BCs with medullary features, n = 7 micro-
papillary BCs, n = 7 BCs with apocrine features, n = 5 cribriform BCs, n = 3 
metaplastic BCs, and n = 1 papillary BC.

TABLE 1. Continued
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proportional hazard models. In these analyses, tumor clas-
sification was coded as pT2-pT4 (pT2+) versus pT1 and 
as pT3-pT4 (pT3+) versus pT1-pT2; lymph node status 
was coded as pN1-pN3 (pN1+) versus pN0, as pN2-pN3 
(pN2+) versus pN0-pN1, and as pN3 versus pN0-pN2; 
histologic grade was coded as grade 3 versus grade 1 and 
2; RS categories were coded as high (RS range, 26-100) 
versus low or intermediate (RS range, 0-25); and Ki67 was 
coded as ≤10% versus >10% (Ki67 1%-10% vs 15%-
100%) and as Ki67 ≤25% versus >25% (Ki67 1%-25% 
vs 30%-100%).34,39,40 GraphPad Prism software (version 
5; GraphPad Software Inc) and SPSS software (version 23; 
IBM Corporation) were used for statistical analyses.

RESULTS

Baseline Characteristics
From April 2009 to December 2011, PlanB recruited 3198 
patients at 93 clinical centers.31 The present exploratory 
subgroup analysis focused on 2585 locally HR-positive/
HER2-negative BCs that were included in the central 
tumor bank population (Fig. 1). According to central pa-
thology, 353 specimens (14%) were classified as lobular 
BC, and 2232 (86%) were classified as nonlobular BC 
(Table 1). A comparison of histologic BC subtypes (lobular 
vs nonlobular) by local and central pathology revealed sub-
stantial agreement (κ = 0.705) (see Supporting Table 2).

The median follow-up was 60 months (range, 6-91 
months). In total, 140 events were reported (88 patients 
with metachronous distant metastasis, 27 with ipsilateral 
locoregional recurrences, 8 with contralateral BCs, and 
17 with secondary non-BC carcinomas).

Clinicopathologic Parameters Associated With 
Lobular BC
Lobular BC was associated with higher tumor classifica-
tion (P < .001), pN3 disease (P = .005), central histo-
logic grade 1 or 2 (P < .001), positive central ER status 
(P  =  .001), negative central HER2 status (P  =  .027), 
lower Ki67 index (P <  .001), and lack of nuclear p53 
accumulation (P  <  .001) (Table 2). The prevalence of 
grade 3-differentiated cases was 2-fold lower in lobu-
lar BC compared with nonlobular BC (17% vs 34%; 
P < .001). Lobular BC was more often treated by mas-
tectomy (P < .001). Randomization to therapeutic study 
arms was balanced: Most patients with lobular and non-
lobular BC were randomized to receive CT (72% and 
75%, respectively). A minority patients with lobular and 
nonlobular BC was recommended for ET alone (14% 
and 13%, respectively).

Lower RS in Lobular BC
Lobular BC was associated with low and intermediate 
RS (P <  .001) (Table 2). Low RS (range, 0-11), inter-
mediate RS (range, 12-25), and high RS (range, 26-100) 
Oncotype DX categories were observed in 20%, 72%, 
and 8% lobular BCs, respectively. The prevalence of high 
RS results was 3-fold lower in lobular BC compared with 
nonlobular BC (8% vs 24%; P < .001).

Relation Between Ki67 and RS
A linear relation between Ki67 and the RS was pre-
viously reported.41 Accordingly, RS results were ana-
lyzed in BCs with different Ki67 categories according 
to histologic subtype (Fig. 2). In view of the apparently 
lower RS in lobular BCs at nearly every given Ki67 
value in Figure 2, we tested the hypothesis that lower 
RS results are fully accounted for by the lower cell pro-
liferation of lobular BCs. To this end, we performed 
multiple logistic regression for the high RS category 
(RS range, 26-100) with the variables Ki67 and his-
tologic subtype (lobular vs nonlobular BC). We found 
that an adjusted odds ratio of 1.12 for Ki67 (P < .001) 
and of 0.41 for lobular BC (P  <  .001) predicted a 
high RS category (RS range, 26-100). The significant  
adjusted odds ratio for the lobular histologic subtype 
indicates that lobular BC has a direct influence on 
lower RS results in addition to its indirect effect be-
cause of lower Ki67 values.

DFS in Lobular Versus Nonlobular BC
In patients with available follow-up data (including all 
tumor classifications, any lymph node status, and all RS 
categories), the 5-year DFS estimates were 92.1% (95% 
CI, 88%.8-95.4%) for lobular BC and 92.3% (95% 
CI, 91.1%-93.5%) for nonlobular BC (P  =  .673) (see 
Supporting Figs. 2-5). Similar 5-year DFS estimates were 
observed in lobular and nonlobular BCs with the same 
tumor classification, lymph node status, and RS category. 
A borderline significant trend for inferior DFS was ob-
served in grade 3-differentiated lobular BC compared 
with grade3 3-differentiated nonlobular BC (P =  .059) 
(see Supporting Fig. 2D).

DFS in Pleomorphic Lobular BC
According to central histologic review, 18 of 353 (5%) 
lobular BCs were classified as pleomorphic lobular BC 
(Table 1). Pleomorphic lobular BCs were associated with 
high RS (range, 26-100; P < .001) (see Supporting Fig. 
5, left). The low number of cases limited the power of 
additional statistical analyses. The 5-year DFS estimate 
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for pleomorphic lobular BC was 78.8% (95% CI, 57.2%-
1.00%), which was not statistically different from that for 
classic lobular BCs (P = .136; see Discussion, below) (see 
Supporting Fig. 5, right).

Prognostic Relevance of 
Clinicopathologic Parameters
Selected parameters were further analyzed for prognostic 
relevance using Cox proportional hazard models. To this 

TABLE 2. Clinicopathologic Parameters Associated With Lobular Breast Cancers

Parameter

Total Nonlobular Lobular

P Testa NotesNo. % No. % No. %

Age
<56 y 1283 100 1115 87 168 13 .423 CS <56 vs ≥56 y
≥56 y 1302 100 1117 86 185 14

Menopausal status
Pre 806 100 703 87 103 13 .395 CS Pre vs post
Post 1282 100 1100 86 182 14

Pathologic tumor classification
pT1 1248 100 1136 91 112 9 <.001b CS pT1 vs pT2+
pT2 937 100 782 83 155 17
pT3 83 100 44 53 39 47
pT4 16 100 15 94 1 6

Pathologic lymph node status
pN0 1520 100 1286 85 234 15 .005b CS pN0-pN2 vs pN3
pN1 910 100 815 89 95 10
pN2 120 100 107 89 13 11
pN3 35 100 24 69 11 31

Central histologic tumor grade
1 133 100 128 96 5 4 <.001b CS 1/2 vs 3
2 1624 100 1336 82 288 18
3 826 100 766 93 60 7

Central ER status
Neg 133 100 128 96 5 4 .001b CS ER Pos vs Neg
Pos 2325 100 1995 86 330 14

Central PR status
Neg 671 100 592 88 79 12 .133 CS PR Pos vs Neg
Pos 1767 100 1516 86 251 14

Central AR status
Neg 1894 100 1628 86 266 14 .106 CS AR Pos vs Neg
Positive 565 100 501 89 64 11

Central HER2 status
Neg 2555 100 2202 86 353 14 .027b CS HER2 Pos vs Neg
Pos 30 100 30 100 0 0

Central p53 status
Neg 2140 100 1833 86 307 14 <.001b CS p53 Neg vs Pos
Pos 166 100 165 99 1 1

Central Ki67 index
1-10 1016 100 822 81 194 19 <.001b CST
15-25 1050 100 942 90 108 10
30-35 167 100 158 95 9 5
40-100 106 100 104 98 2 2

Oncotype DX RS
0-11 454 100 384 85 70 15 <.001b CST
12-25 1520 100 1271 84 249 16 <.001b CS RS 0-25 vs 26-100
26-100 545 100 518 95 27 5

Surgery
BCS 1828 100 1639 90 189 10 <.001b CS BCS vs ME
ME 456 100 338 74 118 26

Study arm
Endocrine only 342 100 292 85 50 15 .717 CSI
EC-T and endocrine 969 100 840 87 129 13
TC and endocrine 963 100 839 87 124 13
Out of study 311 100 261 84 50 16

Clinical follow-up data
Available 2133 100 1861 87 272 13 .005b CS Available vs missing
Missing 452 100 371 82 81 18

Abbreviations: AR, androgen receptor; BCS, breast-conserving surgery; EC-T, epirubicin plus cyclophosphamide followed by docetaxel; ER, estrogen receptor; 
ME, mastectomy; Neg, negative; Pos, positive; PR, progesterone receptor; RS, recurrence score; TC, docetaxel plus cyclophosphamide.
aCS, chi-square test; CSI, chi-square test for independence; CST, chi-square test for trend.
bThese P values indicate a significant difference.
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end, we focused on parameters described previously in the 
PlanB trial population (tumor classification, lymph node 
status, histologic grade, RS, PR status, and Ki67).30,32 
Kaplan-Meier diagrams of respective parameters in non-
lobular and lobular BCs are shown in Figures 3 and 4. 
ER status was not included because of the low number 
of ER-negative/PR-positive cases. Treatment modalities 
and menopausal status were not associated with DFS.32 
Multivariate prognostic parameters for DFS in nonlobu-
lar BC included tumor classification pT2+ (hazard ratio, 
1.53; 95% CI, 1.06-2.19; P  =  .002), central histologic 
grade 3 (hazard ratio, 1.65; 95% CI, 1.11-2.44; P = .012), 
high RS category (RS range, 26-100; hazard ratio, 2.49; 
95% CI, 1.69-3.68; P < .001) and pN3 lymph node sta-
tus (hazard ratio, 3.68; 95% CI, 1.60-8.46; P  =  .002). 
Multivariate prognostic parameters for DFS in lobular BC 
included pT3+ tumor classification (hazard ratio, 3.32; 
95% CI, 1.22-9.05; P = .019), central histologic grade 3 
(hazard ratio, 5.06; 95% CI, 1.91-13.39; P = .001), and 
pN3 lymph node status (hazard ratio, 12.16; 95% CI, 
3.87-38.24; P < .001), but not RS (Fig. 5).

DISCUSSION
Lobular BC is the second most common histologic BC sub-
type.1 Clinicopathologic parameters associated with lobular 
BC and their prognostic implications are partly controver-
sial.19-26 In the current retrospective, exploratory subgroup 
analysis, we evaluated lobular BCs that were included in the 
PlanB trial, a large, prospective, multicenter phase 3 trial  
encompassing >2500 HR-positive/HER2-negative BCs.30-32

Lobular BCs accounted for 14% of cases, as deter-
mined by central histology review. The clinicopathologic 
factors associated with lobular BC included higher tumor 
classification, pN3 lymph node status, histologic grade 1 
or 2, lower Ki67 index, and lack of nuclear p53 accumu-
lation. This is consistent with previous studies.4,8 Lobular 
BCs (any lymph node status) exhibited a 3-fold lower 
prevalence of high Oncotype DX RS results (RS range, 
26-100) compared with nonlobular BCs (8% vs 24%). 
The strikingly low prevalence of lobular BCs with high 
RS is consistent with previous studies reported by Kizy 
et al and Tadros and colleagues.25,27 Multiple logistic re-
gression analyses indicated that the lobular BC subtype 
has a direct influence on lower RS results in addition to 
its indirect effect from a lower Ki67 value. From a clinical 
consulting perspective and in the context of a high RS as a 
criterion for CT, the decision for RS assessment should be 
based not only on Ki67 but also on the histologic subtype 
(lobular or nonlobular BC). Indeed, the majority of lob-
ular BCs achieved low or intermediate RS results, arguing 
against CT, even if the Ki67 value ranges between 25% 
and 35%.

After a median follow-up of 60 months, the 5-year 
DFS estimate for patients with lobular BC was 92.1%. 
No statistically significant difference was observed for 
DFS between patients with nonlobular and lobular BC, 
including subgroups with the same tumor classification, 
lymph node status, and RS category.

Multivariate prognostic parameters differed be-
tween lobular and nonlobular BC. In nonlobular BC, 

TABLE 2. Continued

FIGURE 2. Correlations between the Ki67 index and the recurrence score (RS) are illustrated in (Left) nonlobular breast cancer and 
(Middle) lobular BC. Data are presented as traditional Tukey plots. The RS is plotted on the y axis, and the Ki67 index is shown on 
the x axis. Horizontal lines indicate the median RS. Boxes indicate the interquartile ranges, and whiskers indicate 1.5-fold interquartile 
distances or the minimal/maximal values, whichever were shorter. (Right) The proportion of nonlobular BCs (black bars) and lobular 
BCs (red bars) that achieved high RS test results (RS range, 26-100) among patients who had equal Ki67 values is also shown. Note 
that high RS test results were less frequent in lobular BCs at nearly every given Ki67 value.
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multivariate prognostic parameters for DFS included 
tumor classification, histologic grade, RS results, and 
lymph node status. In lobular BC, multivariate prognos-
tic parameters included tumor classification, histologic 
grade, and lymph node status, but not RS. We observed 
only a nonsignificant trend toward inferior 5-year DFS for 
patients with lobular BC and high RS results. Compared 
with histologic grade, the RS appeared to be of limited 
prognostic value in lobular BC. This is in line with other 
recent findings indicating that clinical parameters need 
to be carefully weighed against expression profiling-based 
risk assessment.29 Re-analysis of the PlanB patient popu-
lation for DFS and overall survival after longer follow-up 

is warranted to investigate long-term outcomes of  
patients with lobular BC. A separate WSG patient regis-
try, which collects follow-up information of former PlanB 
trial patients beyond the follow-up target time, will facil-
itate such long-term analyses.

By using pooled Surveillance Epidemiology and End 
Result data from the United States, Kizy and colleagues 
reported that a high RS (range, 26-100) was associated 
with an increased hazard of death (hazard ratio, 2.37 for 
5-year breast cancer-specific survival) in patients with 
ER-positive lobular BC (any pN status).25 The retrospec-
tive analysis by Kizy et al lacked central histology review, 
potentially included HER2-positive lobular BCs (HER2 

FIGURE 3. Disease-free survival (DFS) is illustrated in nonlobular breast cancer (BC) according to (Top) pathologic tumor (pT) 
classification (pT1, pT2, and pT3 or greater [pT3+]), pathologic lymph node (pN) status (pN0, pN1, or pN2+), and central histologic 
grade (grade 1 [G1], G2, or G3) and (Bottom) according to recurrence score (RS) category, progesterone receptor (PR) status, and 
Ki67 category. Statistical significance was assessed using the pairwise log-rank test. P values corresponding to separate statistical 
analyses comparing different pairs of categories are provided in the tables below the diagrams.
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was not recorded), and the exact treatment regimens were 
unknown.25 Accordingly, the study by Kizy et al and the 
current study are not directly comparable, but our current 
work points toward a limited prognostic value of RS assess-
ment in lobular BC. Intriguingly, in their study, Kizy et al 
could not demonstrate an outcome benefit for patients with 
lobular BC and high RS results who received CT (any regi-
men). The power of RS assessment in lobular BC thus may 
be limited not only by a weaker prognostic value but also 
by a missing predictive value regarding benefit from CT.25

Limitations of the current study include the ret-
rospective and exploratory approach, the inclusion of 

samples with different lymph node status, and hetero-
geneous treatment modalities within the PlanB trial. 
Inclusion criteria may have resulted in a higher propor-
tion of lobular BCs with a clinical risk feature, such as 
positive lymph node status, compared with unselected 
lobular BCs. No definite conclusion on pleomorphic 
lobular BCs can be deduced from this work because 
of the limited number of pleomorphic lobular BCs in-
cluded and because these tumors are occasionally HR-
negative.1 Moreover, the study was not designed to test 
whether there was a CT benefit within lobular BC. Most 
importantly, before a solid final conclusion on prognostic 

FIGURE 4. Disease free-survival (DFS) is illustrated in patients with lobular breast cancer (BC) according to (Top) pathologic tumor 
(pT) classification (pT1, pT2, and pT3 or greater [pT3+]), pathologic lymph node (pN) status (pN0, pN1, or pN2+), and central 
histologic grade (grade 1 [G1], G2, or G3) and (Bottom) according to recurrence score (RS) category, progesterone receptor (PR) 
status (positive [pos] or negative [neg]), and Ki67 category. Statistical significance was assessed using the pairwise log-rank test. 
P values corresponding to separate statistical analyses comparing different pairs of categories are provided in the tables below the 
diagrams.
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parameters in lobular BC can be drawn, our findings 
should be confirmed by similar subgroup analyses in 
larger, prospective clinical trials using the Oncotype 
DX assay, such as TAILORx, RxPONDER (Tamoxifen 
Citrate, Letrozole, Anastrozole, or Exemestane With 
or Without Chemotherapy in Treating Patients With 
Invasive RxPONDER Breast Cancer; ClinicalTrials.
gov identifier NCT01272037), and ADAPT (Adjuvant 
Dynamic Marker-Adjusted Personalized Therapy Trial 
Optimizing Risk Assessment and Therapy Response 
Prediction in Early Breast Cancer; ClincalTrials.gov 
identifier NCT01779206).17,29,42 Further studies also 
are warranted to investigate whether the direct influ-
ence of the lobular BC subtype on lower RS results is 
related to differential expression of specific assay target 
genes.

Other molecular profiling assays might also have dif-
ferent prognostic implications for lobular BC. Metzger-
Filho et al and Beumer and colleagues have assessed 
genomic grade and the MammaPrint assay (Agendia) 

in lobular BC.20,22 The genomic grade category and 
MammaPrint risk group were identified as multivariate 
prognostic parameters for 5-year invasive DFS or 10-year 
DFS, but histologic grade was not.20,22 Importantly, both 
studies were performed without central pathology review 
and included HER2-positive cases. This may have influ-
enced the results obtained.20 Therefore, subgroup analyses 
for different histologic subtypes based on central review 
are warranted in larger trials using the MammaPrint assay, 
such as the MINDACT trial (Genetic Testing or Clinical 
Assessment in Determining the Need for Chemotherapy 
in Women With Breast Cancer That Involves No More 
Than 3 Lymph Nodes; ClinicalTrials.gov identifier 
NCT00433589).43,44

In summary, the current study confirms that lobu-
lar BC is associated with distinct characteristics, including 
lower histologic grade, lower Ki67, and low or intermedi-
ate RS results but higher tumor classification. Lobular BC 
has a 3-fold lower prevalence of high RS results, but 5-year 
DFS is similar in lobular and nonlobular BCs. The effect 

FIGURE 5. (Left) Univariate and (Right) multivariate prognostic parameters in nonlobular and lobular breast cancer (BC) are 
illustrated, as determined by Cox proportional hazard models. G1-2 indicates grades 1 and 2; G3, grade 3; neg, negative; pN, 
pathologic lymph node status; pos, positive; PR, progesterone receptor; pT, pathologic tumor classification; RS, recurrence score. 
Crosses indicate P > .050; diamonds, P < .050.
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of prognostic parameters differed between lobular and non-
lobular BCs in the PlanB trial. Compared with histologic 
grade, the gene expression profiling-based RS was of limited 
prognostic value and should be interpreted with caution in 
patients who have lobular BC. The correct histologic clas-
sification of BC subtypes thus may be a prerequisite for the 
adequate clinical use of prognostic gene expression profiles.
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